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0 Improved wand readers. 

0 The method and apparatus of this invention fa- 
cilitate operation of a bar code reader over a wider 
range of working angle and for a wider range of bar 
code densities. The invention includes improved op- 
tics and sensing elements. The optics and sensing 
elements and/or the associated circuitry are ar- 
ranged to provide two channels of data derived form 
the scanned bar code. The two channels have differ- 
ing resolutions. Analysis of the data from the two 
channels provides a single decoded result. As the 
working angle and density vary at least one of the 
resolutions will be appropriate for sensing all or most 
of the bar coded data. The data from the channel 
producing a valid result can be used, or if neither 



channel produces a valid result by itself, data from 
each channel can be analyzed and valid portions of 
the data from both channels combined to produce 
the single decoded result. 
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Technical Field 

The instant invention relates to an improved 
wand or scanner for reading optically encoded in- 
formalion, particularly bar coded data. 5 

Background Art 

Optically encoded infornnation, such as bar 
codes, have beconne quite common. A bar code io 
synnbol consists of a series of light and dark re- 
gions, typically in the form of rectangles. The 
widths of the dark regions, the bars, and/or the 
widths of the light spaces between the bars in- 
dicates the encoded information. A specified num- 75 
ber and arrangement of these elements represents 
a character. Standardized encoding schemes 
specify the arrangements for each character, the 
acceptable widths and spacings of the elements 
the number of characters a symbol may contain or 20 
whether symbol length is variable, etc. 

To decode a bar code symbol and extract a 
legitimate message, a bar code reader scans the 
symbol to produce an analog electrical signal re- 
presentative of the scanned symbol. A variety of 25 
scanning devices are known. The scanner could be 
a wand type reader including an emitter and a 
detector fixedly mounted in the wand, in which 
case the user manually moves the wand across the 
symbol. Alternatively, an optical scanner scans a 30 
light beam such as a laser beam across the sym- 
bol, and a detector senses the light reflected from 
the symbol. In either case, the detector senses 
reflected light from a spot scanned across the 
symbol, and the detector provides the analog scan 35 
signal representing the encoded information. 

A digitizer processes the analog signal to pro- 
duce a pulse signal where the widths and spacings 
between the pulses correspond to the widths of the 
bars and the spacings between the bars. The 40 
digitizer serves as an edge detector or wave shap- 
er circuit, and the threshold value set by the 
digitizer determines what points of the analog sig- 
nal represent bar edges. The threshold level effec- 
tively defines what portions of a signal the reader 45 
will recognize a a bar or a space. 

Readers of the type discussed above are sin- 
gle channel systems having a single digitizer out- 
put and/or a single processing chain to produce a 
single digitized output. 50 

The pulse signal from the digitizer is applied to 
a decoder. The decoder first determines the pulse 
widths and spacings of the signal from the digitizer. 
The decoder then analyzes the widths and spac- 
ings to find and decode a legitimate bar code 55 
message. This includes analysis to recognize legiti- 
mate characters and sequences, as defined by the 
appropriate code standard. This may also include 
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an initial recognition of the particular standard the 
scanned symbol conforms to. This recognition of 
the standard is typically referred to as auto- 
discrimination. 

Different bar codes have different information 
densities and contain a different number of ele- 
ments in a given area representing different 
amounts of encoded data. The denser the code, 
the smaller the elements and spacings. Printing of 
the denser symbols on a appropriate medium is 
exacting and thus is more expensive than printing 
low resolution symbols. 

A bar code reader typically will have a speci- 
fied resolution, often expressed by the size of its 
effective sensing spot. The resolution of the reader 
is established by parameters of emitter or the 
detector, by lenses or apertures associated with 
either the emitter or the detector, by the threshold 
level of the digitizer, by programming in the de- 
coder, or by a combination of two or more of these 
elements. 

In a laser beam scanner the effective sensing 
spot may correspond to the size of the beam at the 
point it impinges on the bar code. In a wand using 
an LED or the like, the spot size can be the 
illuminated area, or the spot size can be that por- 
tion of the illuminated area from which the detector 
effectively senses light reflections. By what ever 
means the spot size is set for a particular reader, 
the photodetector will effectively average the light 
detected over the area of the sensing spot. 

In one prior art example. U.S. Patent No. 
4,675,531 to Clark et al., an LED illuminates the bar 
code and images the code onto a photodetector. 
The aperture of the photodetector determines the 
resolution or "spot size". In the Clarke et al. sys- 
tem the photodetector effectively averages the light 
detected over the area of the aperture. 

A high resolution reader has a small spot size 
and can decode high density symbols The high 
resolution reader, however, may have trouble ac- 
curately reading low density symbols because of 
the lower quality printing used for such symbols. 
This is particularly true of dot matrix type printed 
symbols. The high resolution reader may actually 
sense dot widths within a bar as individual bar 
elements. In contrast, a low resolution reader has a 
large spot size and can decode low density sym- 
bols. However, a reader for relatively noisy sym- 
bols such as dot matnx symbols reads such a wide 
spot that two or more fine bars of a high resolution 
symbol may be within the spot at the same time. 
Consequently, a reader having a low resolution, 
compatible with dot matrix symbols can not ac- 
curately read high density symbols. Thus any read- 
er having a fixed resolution will be capable of 
reading bar codes only within a limited range of 
symbol densities. 
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For a given symbol density, the resolution of 
the reader also linnits the range of the working 
angle, i.e. the angle between the axis of the reader 
and a line normal to of the surface on which the 
bar code rs printed. If the range and resolution are 
too limited, a user may have difficulty holding the 
reader, particularly a wand type reader, comfort- 
ably while accurately scanning the bar code. This 
can be particularly troublesome if the wand incor- 
porates additional elements to form an integrated 
data terminal. The combination of size, weight and 
an uncomfortable angle can make reading in large 
amounts of bar code information difficult and an- 
noying, and thereby make the user more resistant 
to use of the bar code system. 

One solution might be to provide some means 
to adjust the resolution or sensing spot size of the 
reader, e.g., by adjusting the threshold of the 
digitizer. This approach, however, would require a 
number of different scans at different resolutions. If 
the scan is automatic, the variation in resolution 
causes a loss of robustness because the scan is at 
the correct resolution only a reduced amount of the 
time. Effectively such a scanner would scan at the 
equivalent of a reduced rate. If the reader is a 
wand type device, the user would have to manually 
scan the reader across the information each time 
the resolution changes. This causes a marked re- 
duction in the first read rate and Increased frustra- 
tion for the user. 

Clearly a need exists in the art for a high 
performance bar code reader which can operate at 
a wide range of working angles and is capable of 
reading bar codes over a wide range of symbol 
densities. 

DISCLOSURE OF THE INVENTION 

Objectives: 

The objectrye Df this Invention 's to provide a 
high performance bar code reader which is more 
convenient and efficient to use, particularly by rela- 
tively unskilled operators. 

A more specific objective of this invention is to 
derive a larger amount of information from a each 
pass or scan by a single bar code scanner or 
reader. 

More specifically, an objective of the invention 
is to use the additional information derived from the 
single scan to obtain an accurate read by the wand 
for a wider range of working angles between the 
wand and a perpendicular to the surface on which 
the bar code is printed and a wider range of 
distances from the wand to the printed bar code. 
The wider working angle range allows the unskilled 
operator to scan the code at whatever angle is 
most convenient and comfortable yet still obtain a 



high percentage of successful first reads. The ease 
of operation this feature provides becomes particu- 
larly important when the wand reader incorporates 
additional elements to form an integrated terminal 

5 for processing, storing and displaying the scanned 
bar code data and data entered by operation of a 
built in keyboard. 

Another objective of the invention is to use the 
additional information derived form the scan to read 

70 bar codes of a wider range of optical code den- 
sities without requiring multiple scans of the in- 
formation. This allows one improved reader to re- 
place two or more readers previously required, 
each of which was necessarily designed to read 

75 bar codes of a restricted range of bar code density. 
For a user or relatively low skill this eliminates 
problems and frustrations of selecting a reader 
and/or adjusting the sensitivity of the reader to 
match the density of the particular code the user 

20 wants to scan. 

Summary: 

To operate over a wider range of working an- 

25 gle, the invention detects optically, encoded in- 
formation using two effective sensing spots of dif- 
ferent diameter. As the angle varies one spot 
should be sufficiently in focus to provide a valid 
read, and even if neither is sufficient, information 

30 from both spots can often be combined to ac- 
curately decode the information. 

To read a wider range of bar code resolutions, 
the reader includes two reading channels and de- 
rives a single valid decoded result from the scan- 

35 ning data of the two channels. Typically, one chan- 
nel will have a resolution corresponding to the 
density of the currently scanned bar code, but if 
not, valid portions of data from each channel can 
be combined to provide a single accurate decode 

40 result. 

M a rrsl asoect. the invention enccmpasses a 
method of increasing a range of a working angle of 
a wand type reader during reading of optically 
encoded Information. The working angle is the an- 

45 gle between a major axis of the wand type reader 
and a perpendicular of a surface on which the 
optically encoded information appears. The method 
includes the step of arranging light emitting and 
detecting elements to (i) optically sense light re- 

50 fleeted from a first effective sensing spot of a first 
diameter, and to (ii) optically sense light reflected 
from a second effective sensing spot of a second 
diameter which is larger than the first diameter. 
The first and second effective sensing spots are 

55 passed over the optically encoded information. This 
produces (i) a sensing of the optically encoded 
information as it passes through the first effective 
sensing spot to produce a first sensing signal, and 
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(ti) a sensing of the optically encoded information 
as it passes through the second effective sensing 
spot to produce a second sensing signal. The 
diameters of the first and second effective sensing 
spots increase in proportion to increases in the 
working angle. The method further includes the 
step of deriving a single decoded representation of 
the optically encoded information from the two 
sensing signals. For different working angles, at 
least one of the effective sensing spots will be of 
appropriate size to produce a valid reading of the 
optically encoded information. 

In a second aspect, the invention encompasses 
an apparatus which corresponds closely to the 
above discussed method. Specifically, this aspect 
or the invention is a wand type reader for reading 
optically encoded information at a wide range of a 
working angle. The wand type reader includes light 
emitting and detecting elements arranged in the 
wand to optrcally sense light reflected from a first 
effective sensing spot of a first diameter, for sens- 
ing the optically encoded information as it passes 
through the first effective sensing spot and in re- 
sponse thereto for producing a first sensing signal. 
The emitting and detecting elements are also ar- 
ranged to optically sense light reflected from a 
second effective sensing spot of a second diameter 
which is larger than the first diameter, for sensing 
the optically encoded information as it passes 
through the second effective sensing spot and in 
response thereto far producing a second sensing 
signal. The diameters of the first and second effec- 
tive sensing spots increase in proportion to in- 
creases in the working angle. The wand type read- 
er also includes means for deriving a single de- 
coded representation of the optically encoded in- 
formation from the two sensing signals. As a result, 
for different working angles at least one of the 
effective sensing spots will be of appropriate size 
to produce a valid reading of the optically encoded 
information. 

in another aspect, the invention ts a method of 
reading optically encoded information. This method 
includes optically exposing encoded information 
and sensing light reflected from the optically en- 
coded information to produce two data streams, 
each related to the optically encoded information. 
The two data streams have different resolutions. 
The method derives a single decoded representa- 
tion of the optically encoded information from the 
two data streams. 

In another apparatus aspect, the invention is a 
system for reading optically encoded information. 
This system includes a sensor means, i.e. at least 
one sensor, for optically sensing the encoded in- 
formation to produce at least one electrical signal 
corresponding to the sensed optically encoded in- 
formation. Means are provided for deriving two 




527 267 A1 6 

channels of data for each scan or pass of the 
encoded information by the sensor in response to 
the at least one electrical signal. The two data 
streams again have different resolutions. A decoder 
5 responds to both channels of derived data to pro- 
vide a single data output representative of the 
sensed optically encoded information. 

The instant invention also includes an improved 
optical sensing assembly. The optical sensing as- 
10 sembly includes a first and a second light emitter, 
emitting light along a first and a second optical 
axis, respectively. An optical sensing element is 
provided for detecting reflected light from the first 
and second light emitters. The optical sensing ele- 
76 ment receives the reflected light along a third op- 
tical axis parallel to the first and second optical 
axes. The assembly also includes first and second 
half-axicon optical elements with spherical inter- 
faces in the rear which are aligned with the emit- 
20 ters along the first and second optical axes, re- 
spectively. The first half-axicon optical element es- 
tablishes depth of field and spot size for light 
emitted by the first light emitter and received by 
the optical sensing element. Similarly, the second 
25 half-axicon optical element establishes depth of 
field and spot size for light emitted by the second 
light emitter and received by the optical sensing 
element. The two half-axicons can be identical or 
different. For two identical half-axicons, one obtains 
30 a field depth and a rather symmetrical spot size. 
For the case of two different half-axicons, each of 
these two establishes a different depth of field and 
a spot size. 

The instant invention also includes an improved 
35 photodetector. In this aspect, the invention is a 
multi-channel photodetector which includes two ac- 
tive optical sensing areas formed on a single sub- 
strate. The second active optical sensing area is 
located around the first optical sensing area. 
40 The invention encompasses a number of sys- 

tems for deriving the two sensing soots and or the 
two channels of data having differing resolution. For 
example, in the simplest embodiment, a wand type 
reader includes an LED light source and a single 
45 photodiode type detector. The detector signal 
passes through two different signal conditioning 
circuits and associated digitizers. One signal con- 
ditioning circuit and associated digitizer provide a 
high resolution output, and the other signal con- 
so ditioning circuit and associated digitizer produce a 
low resolution output. A microprocessor analyzes 
the digital data from both channels to decode the 
scanned bar coded data. The two resolution chan- 
nels allow reading of dense high resolution bar 
55 codes and low resolution bar codes such as those 
produced by dot matrix printers, with a single pass 
or scan of a single bar code reader. 
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It is also possible to use one light source and 
two detectors. The characteristics of the two detec- 
tors and/or their associated optics differ to provide 
the required two different resolutions. In one par- 
ticularly advantageous embodiment, each of the s 
two detectors or sensors is a photodiode. and the 
two photodiodes are formed as a single concentric 
structure. One of the photodiodes is formed in the 
center, and the second of the photodiodes sur- 
round the first. An analog to digital converter w 
digitizes a signal output by the central photodiode 
to form the higher resolution data channel. The 
signal output of the first photodiode and a signal 
output of the second photodiode are summed, and 
a second analog to digital converter digitizes the 75 
summed signals to form the lower resolution data 
channel. 

Another approach is to provide two different 
optical emitters and two detectors, each emitter- 
detector pair providing one channel of scanning 20 
information. The resolution of each channel is set 
by one or more of the optical components, i.e. by 
the design of the emitter, the design of the detector 
or an aperture associated with the emitter-detector 
pair. 25 

Whichever system is used to derive the two 
channels, the microprocessor can analyze the data 
from each channel, recognize which produces a 
valid decode result and select the resultant data 
derived from that channel as the output data. The 30 
channel whose resolution does not match the den- 
sity of the bar code currently being read would 
produce a recognizable read error. 

Alternatively, the microprocessor can merge 
the data from the two channels to produce a single 35 
valid result, even if neither of the two separate 
channels would alone produce a valid read. The 
microprocessor recognizes which portions of the 
read data from each channel are within acceptable 
parameters for a read operation of the correspond- 40 
ing resolution. The microprocessor discards any 
data from the two channels wnich appears outside 
the acceptable limits. The microprocessor com- 
bines the acceptable portions of the data from the 
two channels to form the single final valid read 45 
result. 

A high performance bar code wand should 
have the following features: 

• Built-in decoder. 

• Autodiscrimination of the most popular sym- 50 
bologies. 

• Large resolution range (from low to high den- 
sity bar codes, namely 5-20mil, from well- 
printed to dot-matrix bar codes). 

• Easily read over plastic or lamination. 55 
The above technical requirements can be satis- 
fied when the emitter-detector module has a higher 
depth of field and a variable spot size. For in- 
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stance, to read over plastic or lamination, a 2mm 
depth of field is usually necessary, and to read dot- 
matrix bar codes, the required spot size may be as 
large as 0.5mm. 

Additional objects, advantages and novel fea- 
tures of the invention will be set forth in part in the 
description which follows, and in part will become 
apparent to those skilled in the art upon examina- 
tion of the following or may be learned by practice 
of the invention. The objects and advantages of the 
invention may be realized and attained by means 
of the instrumentalities and combinations particu- 
larly pointed out In the appended claims. 

Brief Description of Drawings 

Figure 1 is an isometric illustration of a wand 
type bar code reader embodying the invention dur- 
ing scanning of a bar code. 

Figure 2 shows the two effective sensing spots 
for different working angles of the wand illustrated 
in Figure 1. 

Figures 3A and 3B illustrate scanning of the 

sensing spots across bar codes. Figure 3A shows 
the two effective sensing spots of the invention as 
they pass over an entire bar code symbol of rela- 
tively high density. Figure SB shows the two effec- 
tive sensing spots as they pass over a single bar 
code element of a low density dot matrix type 
symbol. 

Figure 4 Is a block circuit diagram of one 
embodiment of the invention which uses different 
resolution digitizers. 

Figure 4A shows a high resolution bar code 
and the signals produced in the circuit of Figure 4 
by scanning of such a bar code. 

Figure 4B shows a noisy bar code printed by a 
dot matrix printer and the signals produced in the 
circuit of Figure 4 by scanning of such a bar code. 

Figure 5 shows a block circuit diagram of a 
second embodiment of the invention which uses 
two emitters and two photodetectors. 

Figure 6 shows a block circuit diagram of a 
third embodiment of the invention which uses two 
emitter, one photodetector and a multiplexer. 

Figure 7 illustrates the optical sensing assem- 
bly of the invention in cross section. 

Figure 8 is a sectional view of the optical 
sensing assembly of the invention taken along line 
C-C of Figure 7, 

Figure 9 is a sectional view of the optical 
sensing assembly of the invention taken along line 
A-A of Figure 7. 

Figure 10 is a sectional view of the optical 
sensing assembly of the invention taken along line 
B-B of Figure 7. 

Figure 1 1 shows a cross section of the optical 
sensing assembly of the invention, similar to Figure 
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4, but also showing light rays emitted by the LED's 
to illuminate a bar code symbol. 

Figure 12 is a sinnplified plan view of a 
photoaetector having two active areas, one sur- 
rounding the other. 

Figure 13 shows a block circuit diagram of a 
fourth embodiment of the invention which uses one 
emitter and the two active area type photodetector 
of Figure 12. 

Figures 14 and 15 are more detailed views of 
the photodetector of Figure 12. Figure 14 shows 
circular areas and a connection to the central area 
via an insulating channel through the surrounding 
active area. Figure 15 shows rectangular areas and 
use of a bonding pad on the central area with a 
lead passing above the surrounding active area. 

Figure 16 is a flow chart illustrating the process 
hy which the decoder derives a single legitimate 
result from the two data streams of differing resolu- 
ton 

Figure 17 illustrates an enlarged bar code and 
the signals derived in the two channels for process- 
ing in the scan merge algorithm. 

Figure 18 shows a sectional view of an alter- 
native optical sensing assembly, for use in the 
embodiment of Figure 5. 

Figure 19 is a cross sectional view of the 
second embodiment of the optical sensing assem- 
bly taken along line D-D of Figure 18. 

Figure 20 illustrates the spherical aberration 
and focal length of a lens used in the optical 
sensing assembly of Figure 18. 

Best Mode for Carrying out the Invention 

Figures 1 and 2 illustrate scanning of a bar 
code and how the invention serves to increase the 
range of a working angle 6, particularly for a wand 
type reader. Figure 1 shows a wand type bar code 
reader 10 being manually scanned across bar code 
20 As shown in Figure 1. the working angle 0 is 
defined as the angle between the major axis of the 
wand 10 and a line normal to the surface on which 
the optically encoded information appears. The 
wand 10 is shown in position b, at which point the 
angle e is approximately 45*. The wand, however, 
can be held at a wide range of angles, such as at 
the 0* position or at positions a and c as illustrated 
in Figure 1 . 

The light emitting and detecting elements of 
the wand 10 are arranged to produce two effective 
sensing spots Si and S2, of differing diameters. 
Figure 2 shows the different diameters and shapes 
of the two sensing spots tor the different working 
angles, 6. At the 0* position, both of the sensing 
spots Si and S2 are essentially concentric circles. 
As the angle 6 increases through positions a, b and 
c, however, the two spots S- and S2 smear and 



enlarge to form progressively larger ovals. 

If the reader is a wand type device, the user 
manually moves the wand to scan the two sensing 
spots across the bar code. This produces (i) a 

5 sensing of the optically encoded information as it 
passes through the first effective sensing spot to 
produce a first sensing signal, and (ii) a sensing of 
the optically encoded information as it passes 
through the second effective sensing spot to pro- 

70 duce a second sensing signal. 

During a scan of a bar code or other optically 
encoded information, the first and second sensing 
spots Si and S2 are scanned over the optically 
encoded information. Figure 3A shows scanning of 

76 the spots Si and S2 across a bar code 20. for a 
relatively small working angle G. The user keeps 
the working angle close to or equal to 0" through- 
out the length of the scan, and the spots Si and S2 
both remain essentially circular. 

20 If the user changes the working angle, the 

sizes and shapes of the sensing spots Si and S2 
change in the manner illustrated in Figure 2. The 
diameters of the first and second effective sensing 
spots Si and S2 increase in proportion to increases 

25 in the working angle. The invention derives a single 
decoded representation of the optically encoded 
information from the sensing signals derived from 
scanning the two sensing spots Si and S2 over the 
information. For different working angles, at least 

30 one of the effective sensing spots will be of appro- 
priate size to produce a valid reading of the opti- 
cally encoded information. 

For a relatively low density code, the 0* work- 
ing angle may provide a large circular sensing spot 

35 Si , as shown at a in Figure 2, of the appropriate 
size. The smaller spot S2 may actually be too 
small for some noisy printed codes, such as dot 
matrix printed codes. At a slightly larger angle, 
such as at b, both may provide at least some 

40 readable information, which can be merged to pro- 
vide a single legitimate decode resuit. As the wcrk- 
ing angle 6 increases, the spots Si and S2 elon- 
gate, and at a number of the angles, although large 
spot Si becomes too large, the smaller spot S2 will 

45 have an appropriate diameter. 

Figure 3A shows scanning of the spots Si and 
S2 across a relatively high density bar code 20. 
Because the working angle is close or equal to 0\ 
the spots Si and S2 are both essentially circular. At 

50 several points of the scan of the high density bar 
code, particularly at the middle two positions illus- 
trated in the drawing, the larger sensing spot Si 
covers two or more elements. The averaging over 
such an area would not provide an accurate signal 

55 indicating the edges of the small bar code ele- 
ments. The smaller diameter spot S2, however, 
covers so small an area that even at these posi- 
tions it covers only one narrow element. 
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Figure 3B illustrates scanning of the spots St 
and S2 over one element 23 of a dot matrix bar 
code. As shown, the element 23 actually exhibits 
gaps between the individual dots. Sensing using 
the small spot 82 will detect the dots as dark areas 
and the gaps as light regions. For example, at the 
position shown in Figure 3B. the spot S2 coincides 
approximately with one of the gaps. As a result, the 
signal responsive to sensing of spot S2 would, at 
that point indicate a light space, not a dark bar 
element. Thus sensing of the spot S2 would not 
accurately read the width of the element 23. The 
larger spot Si , however, should produce a legiti- 
mate decode result. Sensing using spot Si aver- 
ages the reflected light over the larger area of that 
spot, and consequently would indicate a dark ele- 
ment. 

Figure 4 shows the first embodiment of the 
invention, which is the simplest technique for pro- 
ducing the two channels having two different reso- 
lutions or sensing spots. This embodiment derives 
the two different resolutions electronically, by using 
digitizers having different resolutions. The reader 
could be an automatic scanner or a wand type 
device which requires manual scanning. For sim- 
plicity the discussion of the circuitry will assume 
that the reader is a manual scanning type wand. 

The embodiment of Figure 4 has a single light 
source, light emitting diode or "LED" 41, and a 
single photodetector, photodiode "PD" 42. The 
LED 41 emits light to illuminate an area of the 
surface of the optically encoded information, i.e. 
bar code 20. The PD 42 senses light reflected from 
bar code 20 and produces an analog signal the 
amplitude of which represents the amplitude of 
reflected light. The reader scans the bar code. If 
the reader Is a wand type unit, the user manually 
passes the unit over the information such that the 
detected reflected light varies in amplitude in cor- 
respondence with the light and dark regions of the 
information. 

The analog signal rrom PD 42 is amplified, 
inverted and conditioned by two analog signal con- 
ditioning circuits 43 and 44. The signal conditioning 
circuits 43 and 44 are essentially identical and thus 
provide two analog signals output signals. One of 
these output signals goes to a first digitizer 45, the 
other to second digitizer 46. The digitizers 45 and 
46 serve as edge detectors or wave shaper cir- 
cuits, in a manner similar to digitizers used in prior 
art single channel type readers. In each of the 
digitizers 45 and 46, and the threshold value set by 
the digitizer determines what points of the analog 
signal represent bar edges. The digitizers 45 and 
46, however, have different threshold values. 

The pulse signals output from both of the 
digitizers 45 and 46 are supplied as inputs to a 
programmed microprocessor type decoder 47. Sig- 



nal conditioning circuit 43 and digitizer 45 form a 
first channel providing a first data stream to the 
decoder 47. Signal conditioning circuit 44 and 
digitizer 46 form a second channel providing a 
5 second data stream to the decoder 47. The thresh- 
old of the first digitizer 43 is set relatively low. at 
Ti as shown in Figures 4A and 4B. so that digitizer 
43 will have a low resolution. The second digitizer 
46 has a high threshold T2 and is sensitive. 
10 Figure 4A shows a high resolution bar code 

and the signals produced in the circuit of Figure 4 
by scanning of such a bar code. The analog signal 
varies with the averaging of the reflected light, and 
as conditioned, will have small fluctuations cor- 
?5 responding to closely spaced bars. The low thresh- 
old in the first digitizer 45 will cause several of the 
variations to go undetected, as shown by the pulse 
signal from digitizer 45, in Figure 4A. The second 
channel, with its high resolution, will detect small 
20 variations in the reflected light caused by the 
closely spaced bar elements because the sensitive 
digitizer 46 will pick up the small bumps In the 
analog signal. The high resolution second channel 
will produce a pulse train output from digitizer 46. 
25 as shown in Figure 4A, more closely corresponding 
to the bar code edges. 

Figure 48 shows a low resolution bar code of 
the dot matrix type and the signals produced in the 
circuit of Figure 4 by scanning of such a bar code. 
30 The analog signal varies with the averaging of the 
reflected light, and as conditioned, will have small 
fluctuations corresponding to dots of the matrix. 
The analog signal will have larger fluctuations cor- 
responding to the actual elements of the symbol. 
35 The low threshold in the first digitizer 45 will cause 
smaller fluctuations of the analog signal to go un- 
detected, as shown by the pulse signal from 
digitizer 45, in Figure 4B. The low resolution first 
channel will produce a pulse train output from 
40 digitizer 45 closely corresponding to the bar code 
edges. In cont-ast. the second channel, with its 
high resolution, will detect the small vanations in 
the reflected light caused by the spaced dots with- 
in the bar elements because the sensitive digitizer 
45 46 will pick up the small bumps in the analog 
signal. The pulse signal from digitizer 46, as shown 
in Figure 48, will not correspond to the actual 
edges of the bar elements. 

It should be apparent from Figures 4A and 48 
50 that for either high resolution bar code or low 
resolution bar code, one of the two channels will 
produce a pulse signal output or data steam close- 
ly corresponding to the edges of the scanned bar 
code. The decoder 47 is a relatively standard unit, 
56 with the exception that it has a two inputs, instead 
of one, for the two data steams for the two different 
resolution channels. The integrated decoder 47 
provides a digital data output, for example In ASCII 
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format. The specific decoding will be discussed in 
more detail later, particularly with respect to Fig- 
ures 16 and 17. 

A wide vanety of techniques can be used for 
deriving the two data channels. A number of nnore 
sophisticated alternatives appear in the drawings. 
In each embodiment, however, the system provides 
two data steams from the two different resolution 
channels to the single decoder 47. The decoder 47 
remains the same. 

The embodiment of Figure 5, for example, pro- 
duces two different channel optically, This embodi- 
ment includes two emitters and two detectors. A 
first LED 51 emits light which illuminates a spot on 
the bar code 20. The light emitted from LED 51 is 
reflected back by the bar code and detected by a 
first PD 52. A signal conditioning circuit 53 and first 
digitizer 54 provide a low resolution data stream for 
output as a pulse train signal to decoder 47. A 
second LED 55 emits light which illuminates a 
second spot on the bar code 20. The light emitted 
from LED 55 is reflected back by the bar code and 
detected by a second PD 56. A second signal 
conditioning circuit 57 and second digitizer 58 pro- 
vide a low resolution data stream for output as a 
pulse train signal to decoder 47. 

As illustrated in Figure 5, emitters and detec- 
tors are arranged so that the two spots are slightly 
spaced apart. This is called spatial multiplexing. If 
it were desired to have the two be concentric, other 
forms of multiplexing could be used. For example, 
LED's 51 and 55 could emit different wavelengths 
of light, and the associated PD's 52 and 56 would 
be designed and/or have associated light filters so 
as to detect only the light from the corresponding 
detector. 

LED 51, PD 52. signal conditioning circuit 53 
and digitizer 54 form the low resolution channel. 

LED 55, PD 56, signal conditioning circuit 57 and 
digitizer 58 form the high resolution channel. In this 
embodiment, the resolution and spot size of each 
channei is set oy the characteristics of the LED, 
the PD, the associated optics, or any apertures 
associated therewith. For example, optics can fo- 
cus light from each LED to form a different size 
illuminated spot and/or at a different distance form 
the tip of the wand. Alternately, the size of the PD's 
can vary or each can have a different aperture to 
establish a different area over which to average the 
reflected light. The digitizers 54 and 58 may have 
the same threshold value, but preferably, the 
thresholds are set to correspond to the characteris- 
tics of the LED's, PD's and optics of their respec- 
tive channel. 

The embodiment of Figure 6 uses two emitters 
and one detector. The output of the detector is 
multiplexed in synchronism with pulsing of the in- 
dividual emitters to produce the two channels. The 
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emitters and/or the associated optics differ to pro- 
vide the two different effective sensing spots and 
the two different resolutions. The two spots can be 
closely aligned or substantially concentric on the 
surface of the optical information 20. The high and 
low resolution signals are time division multiplexed 
by the pulsing of the individual LED's. 

The third embodiment includes two LED's 61 
and 62. but only one PD 63. A multiplexer 64 
alternately activates LED's 61 and 62. A multiplexer 

65 alternately provides the output of PD 63 to one 
of two sample and hold (S/H) circuits 66 and 67. 
The signal conditioning circuit 68 and digitizer 70 
provide the pulse signal for the low resolution 
channel to the decoder 47. The signal conditioning 
circuit 69 and digitizer 71 provide the pulse signal 
for the high resolution channel to the decoder 47. A 
clock 72 provides the appropriate timing signals to 
the two multiplexers 64 and 65 and the S/H circuits 

66 and 67. Multiplexing can also be performed by 
rapidly pulsing the two LED's at two different fre- 
quencies and performing frequency demodulation. 

The LED 61 and its associated optics are de- 
signed to provide a relatively large illuminated spot, 
and the LED 62 and its associated optics are 
designed to provide a relatively small Illuminated 
spot. The signal from clock 72 drives the mul- 
tiplexer 64 to trigger LED 61 and multiplexer 65 to 
provide the signal from PD 63 to S/H circuit 66. 
S/H circuit 66 holds a sample of the low resolution 
analog signal produced by the LED 61 and PD 63. 
The signal from clock 72 then drives the mul- 
tiplexer 64 to trigger LED 62 and multiplexer 65 to 
provide the signal from PD 63 to S/H circuit 67. 
S/H circuit 67 holds a sample of the high resolution 
analog signal produced by the LED 62 and PD 63. 
As this cycle repeats the S/H circuits 66 and 67 will 
successively hold samples of the two different res- 
olution analog signals. 

The conditioning circuits and digitizers will then 
provide the two differing resolution data streams to 
the decoder 47. The signal conditioning circuits 68 
and 69 and the digitizers 70 and 71 correspond 
closely to those of the preceding embodiment. 

Figures 7 to 11 illustrate the preferred embodi- 
ment of the optics of the improved reader, particu- 
larly when the reader is constructed in the form of 
a wand type device. These optics for the dual- 
channel wand reader, as illustrated in Figures 7 to 
11. form a three axes anamorphic system con- 
structed by combining two half-axicons. In this de- 
sign, two LEDs and one detector are used with the 
LEDs working alternately, as in the circuit embodi- 
ment of Figure 6. 

The optical sensing assembly of Figures 7 to 
11 includes a first LED 61 and a second LED 62. 
These two light emitting elements are arranged in 
assembly housing 75 to emitting light along a first 
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and a second optical axis, respectively. That is to 
say. LED 61 emits light along Axis 1. and LED 62 
emits light along Axis 2, as shown in Figure 7. The 
optical sensing element PD 63 detects reflected 
light from the two LED's 61 and 62. PD 63 is 
located in the housing 79 to receive reflected light 
along the central axis of the assembly, Axis 3. Axis 
3 is parallel to the first and second optical axes, 
Axis 1 and Axis 2. The assembly also includes an 
injection molded plastic optical element 77. The 
optical element 77 comprises first and second half- 
axicons, labeled Axicon 1 and Axicon 2 in Figure 7. 
Axicon 1 is aligned with the LED 61 along Axis 1. 
Axicon 2 is aligned with the LED 62 along Axis 2. 

The first half-axicon optical element, Axicon 1, 
establishes depth of field and spot size for light 
emitted by LED 61 and received by PD 63. Simi- 
larly, the second half-axicon optical element, Ax- 
icon 2, establishes depth of field and spot size for 
light alternately emitted by LED 62 and received by 
PD 63 The two half-axicons, however, may be 
different so that each establishes a different depth 
of field and spot size to provide the two different 
resolutions for the two channels. 

Each half-axicon has a spherical rear surface 
and a front surface formed at a specified axicon 
angle a. Axicon 1 has a rear surface SA1 of a 
curvature to form a focal point at F1 (Figure 11). 
Axicon 2 has a rear surface SA2 of a curvature to 
form a second focal point at F2 (Figure 1 1 ). The 
LED's 61 and 62 are located at the focal points F1 
and F2. respectively. 

As shown in Figure 7, the axicon angle of each 
half-axicon is defined as the angle between the 
front surface of the half-axicon and a perpendicular 
to the three axes of the system. To provide the 
differing spot size and depth of field, Axicon 1 and 
Axicon 2 have different axicon angles (01^^02). 
Emitted light rays diverging from the LED's 61 and 
62 are refracted into parallel rays and focused onto 
the bar code by Axicon 1 and Axicon 2 ^Figure 11V 

The housing 75 also includes a sleeve 79 ex- 
tending from the back wall of the housing in front 
of PD 63. Sleeve 79 blocks light emitted from the 
LED's 61 and 62 reflected off the back surfaces 
SA1 and SA2 from impinging on PD 63 and pro- 
ducing interference with the sensing of the reflec- 
tions from the bar code. The sleeve 79 is concen- 
tric about Axis 3 (Figure 9). The back wall of the 
housing 75 also includes a number of apertures to 
allow passage of the leads from the LED's 61 and 
62 and PD 63 (Figure 10). 

An alternative lens array for the two-channel 
wand head might use two LED's 51 and 55 and two 
photodetectors 52 and 56, as shown in Figure 18. 
The optical sensing assembly of Figure 18 would 
be used with the circuitry illustrated in Figure 5. 
The lights from the two LEDs 51 and 55 are 
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focused by two aspherical lenses Li and L? onto 
the same target. Lights reflected from the target 
are collected by lenses L3 and U and focused onto 
the photodetectors 52 and 56, for conversion to 

5 analog electrical signals. The difference between 
lenses Li and L2 are their spherical aberrations 
which are used to control the intensity, depth and 
surface coverage of illumination. 

The spherical aberration, or SA, corresponds to 

70 a dependence of focal length on the height of 
incident rays, as shown in Figure 20 in which F is 
the focal point of paraxial rays, and Fm is the axial 
intersection of the marginal rays. Between these 
two points is the longitudinal spherical aberration 

76 L.SA=FFm. This spherical aberration has the effect 
of increasing the depth of field. In the transverse 
direction, we have an extended image. The radius 
of this image is called the transverse spherical 
aberration, or T.SA. given by 

20 

T.SA = L.SA X tan U. 

The two lenses Li and L2 have LSA"'2mm and 
T.SA-Smil and 20mil, respectively, and, as a con- 

26 sequence, the radii of the clear apertures for the 
two lenses are different in order to obtain different 
values of the angle U in the above equation. 

Figure 12 is a simplified plan view of a 
photodetector having two active areas, one sur- 

30 rounding the other, with Active area #1 shown as a 
shaded central circle and Active area #2 shown as 
a cross-hatched surrounding area. The structure of 
the photodetector of this embodiment will be dis- 
cussed in more below with regard to Figures 14 

35 and 15. The salient feature of the photodetector is 
that it inherently forms a multi-channel detection 
system. This multi -channel photodetector com- 
prises a first active optical sensing area on a sub- 
strate and a second active optical sensing area 

4c formed on the same substrate. The second optical 
sensng area is located around said ^rst optical 
sensing area. Each active optical sensing area, 
together with the underlying substrate forms, a 
photodiode. The photodetector is used in the em- 

45 bodiment of the invention shown in Figure 13. 

In the circuit of Figure 13, the signal condition- 
ing circuits and the digitizers function in a manner 
similar to those in the embodiments of Figures 5 
and 6. The only difference is that Figure 13 shows 

50 the high resolution channel, including the second 
digitizer, as the upper channel and the first channel 
as the lower channel. 

In this embodiment, there is one light emitting 
element and two photodetectors, and the 

65 photodetectors comprise the active sensing areas 
of the unit shown in Figure 12. In Figure 13. 01 
represents the sensor or photodetector including 
Active area #1, the central active area. 02 repre- 
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sents the sensor or photodetector Including Active 
area #1, the surrounding active area. The LED 131 
emits light to illuminate the optically encoded in- 
formation. The photodeteclors D1 and D2 receive 
light reflected from the surface of bar code 20. 5 

Detector D1 will produce an analog signal 
which effectively represents the average of reflect- 
ed light received over the small Active area D1. 
This signal would be the same as if a photodiode 
of a small effective area were used, and the effec- io 
five area established the spot size and/or resolution 
of the high resolution channel. 

Detector D2 will produce an analog signal 
which effectively represents the average of reflect- 
ed light received over the larger surrounding Active 76 
area D1 . The analog signals from D1 and D2 are 
summed by adding circuit 132. The sum of the 
analog signals from D1 and D2 closely approxi- 
mates the signal which a larger photodiode would 
produce, i.e. by averaging received light over the 20 
total active area of area #1 plus area #2. 

Signal conditioning circuit 133 receives the 
summed signal from adder 132 and conditions it as 
discussed above. The signal from conditioning cir- 
cuit 133 is digitized by digitizer 134 to form the low 25 
resolution data stream. Detectors D1 and D2, adder 
132, signal conditioning circuit 133 and first 
digitizer 134 thus form the low resolution first chan- 
nel in this embodiment. Signal conditioning circuit 

137 receives the signal from D1 and conditions it 30 
as discussed above. The signal from conditioning 
circuit 137 is digitized by digitizer 138 to form the 

high resolution data stream. Detector D1, signal 
conditioning circuit 137 and second digitizer 138 
thus form the high resolution second channel in 35 
this embodiment. Decoder 47 receives and pro- 
cesses the pulse signals from digitizers 134 and 

138 in the same manner as in the earlier discussed 
embodiments. 

It is preferred that the photodetector unit of 4o 
Figure 12 be used ir an ootica? sensing asserrbiy 
similar to that shown in Figures 7 to 11, The 
photodetector unit of Figure 12 would replace PD 
63 in the optical sensing assembly. The LED's 61 
and 62 in the assembly would be on at the same 45 
time so that they would appear as a single light 
source to the photodetector unit. Also, the half- 
axicons, Axicon 1 and Axicon 2, would have the 
same axicon angle (ai =02). The size of the active 
areas would then determine the resolution and spot so 
size of the two channels. 

It would be a simple matter to increase the 
number of channels of different resolutions derived 
using the photodetector unit or Figure 12 by adding 
additional surrounding areas and corresponding ad- 66 
ders, signal conditioning circuits and digitizers. Al- 
ternatively, two active areas could be used and the 
two LED's in the sensing assembly oulsed, in a 
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manner similar to that of the circuit of Figure 6. 

The photodetector unit of Figure 12 would be 
fabricated using relatively standard photodiode 
manufacturing technology. In particular, the manu- 
facturing processes are similar to those used to 
build side by side photodiodes and quad four 
photodiode type devices. Inactive areas or dead 
zones between active devices typically range in 
size from .001 to .005 Possible layouts for the 
photodetector unit of Figure 12 appear in Figures 
14 and 15. 

The embodiment of Figure 14 includes a sub- 
strate 141 on which the active areas are formed. 
The first active area 142 is circular. The first active 
region 142 is formed by appropriately doping the 
circular region. A dead zone 143 surrounds the 
active area 142. The second active area 144 forms 
a substantially circular ring around the first active 
area 142 and dead zone 143. The second active 
region 144 is formed by appropriately doping the 
circular ring. The dead zone 143 separates and 
electrically isolates active areas 142 and 144. A 
common lead 148 is attached to substrate 141 by 
bonding pad 147. Together with the underlying 
substrate, each of the active regions 142 and 144 
forms a photo sensitive diode. 

Figure 14 illustrates the preferred form of con- 
nection to the first active area 142. In this embodi- 
ment, the second active area 144 does not form a 
complete nng around the first active area 142. A 
small inactive area 149 forms an insulating passage 
through the ring formed by the second active area 
144. A metal trace 145 formed on the small inac- 
tive area 149 connects the first active area to a 
bonding pad. Current carrying connection to the 
first active area can then be formed through the 
bonding pad and the metal trace 145. A metal trace 
146 similarly connects second active area 144 to a 
bonding pad. Only a 2 mil wide path through the 
second active area 144 is lost to formation of the 
passage 149 and trace 145 

Figure 15 illustrates a second embodiment of 
the inventive photodetector unit, having rectangular 
active areas a using a bonding pad formed directly 
on each of the active areas. This embodiment 
includes a substrate 151 on which the active areas 
are formed. The first active area 152 is rectangular, 
and the first active region 152 is formed by appro- 
priately doping the rectangular region. A rectangu- 
lar dead zone 1 53 is formed around the active area 
152. The second rectangular active area 154 com- 
pletely encloses the first active area 152 and dead 
zone 153. The second active region 154 is formed 
by appropriately doping the outer rectangular ring. 
The dead zone 153 separates and electrically iso- 
lates active areas 152 and 154. A common lead 
158 is attached to substrate 151 by bonding pad 
157. Together with the underlying substrate, each 
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of the active regions 152 and 154 fomns a photo 
sensitive diode. 

Figure 15 illustrates a second form of connec- 
tion to the active areas. In this embodiment, a 
tx)nding pad is formed directly on each active area. 
A metal lead 155 provides current carrying connec- 
tion to the first active area 152 through the bonding 
pad on that area, and a second metal lead 156 
provides a similar connection through the bonding 
pad on the second active area 154. In each active 
area a portion of the area is sacrificed to formation 
of the bonding pads. Also, the lead 155 will cast a 
shadow across the second active area 154, as 
shown in Figure 15. 

The discussion of the improved photodecector 
unit of Figures 12 to 15 has concentrated on the 
preferred embodiment wherein the active areas 
form photodiodes on a substrate, but other active 
area type photodetector devices could be used. 
For example, it is contemplated that the 
photodetector unit could comprise areas within a 
two dimensional charge coupled device (CCD) ar- 
ray. The centra! area would comprise a number of 
pixel sensing units of the array, for example, in the 
form of a 2x2 square sub-array. The surrounding 
active area would comprise a number of pixel 
sensing units of the area around the central active 
area, for example, forming a 2 pixel wide ring 
around the square central active area. The signal 
from the central area would be formed by shifting 
out the charge value of each pixel of the 2x2 
square sub-array and averaging the values over the 
number of pixels of the central area. The signal 
from the surrounding area could be formed in a 
similar manner, or the summation signal could be 
formed directly by averaging values over both 
areas together. 

Figure 16 is a flow chart illustrating the process 
by which the decoder 47 derives a single legitimate 
result from the two data streams of differing resolu- 
tion. In first step ST1 the data from both of the 
channels is read into the decoder 47 simultaneous- 
ly. The data from the two channels will be referred 
to as data A and data B. One of these data inputs 
arbitranly corresponds to the low resolution data 
stream and the other corresponds to the high reso- 
lution data stream. In step ST2, the decoder at- 
tempts to decode data A. In step ST3 the decoder 
determines if the attempt to decode data A was 
successful. If successful, the process flow pro- 
ceeds to step ST8 to provide a ''beep" to indicate 
successful scanning followed by step ST9 which 
provides an output of the decoded data, and then 
the program ends at step ST10. If, however, step 
ST3 found that the attempt to decode data A was 
unsuccessful, the decoder proceeds to attempt to 
decode data B in step ST4. In step ST5 the de- 
coder determines if the attempt to decode data B 



was successful. If successful, the process flow 
again proceeds to step ST8 to indicate successful 
scanning followed by step ST9 which provides the 
output of the decoded data, and then the program 

6 ends at step ST10. If, however, step ST5 found that 
the attempt to decode data B was unsuccessful, 
the decoder proceeds to execute a scan merge 
algorithm in step ST6. 

Figure 17 helps to illustrate the scan merge 

10 algorithm. As shown, channel #1 produces a pulse 
signal from its digitizer which includes one error. 
Several sections of the signal, however, indicate 
data within acceptable limits for the particular bar 
code standard. Similarly, channel #2 produces a 

75 pulse signal from its digitizer which includes one 
error and several sections of the signal which in- 
dicate data within acceptable limits. The error in- 
cluded in the channel #1 data is at a different 
position from the error in the channel #2 data. The 

20 microprocessor decoder recognizes which portions 
of the data from each channel are within accept- 
able parameters. The microprocessor decoder dis- 
cards the error data from the two channels, and 
combines the acceptable portions of the data from 

25 the two channels to form the single final valid read 
result shown as the corrected signal in Figure 17. 
Thus, even if both channels produce data that can 
not be successfully decoded, the microprocessor 
can merge the data from the two channels to 

30 produce a single valid result. 

The scan merge algorithm is similar to the 
processing disclosed in commonly assigned U.S. 
Patent Application 07/ entitled 
"Method and Apparatus for Decoding Bar Codes 

35 From Multiple Scans" which is herein incorporated 
by reference. That prior application describes the 
analysis of scanning signals to determine legitimate 
data, for decoding and merger of data from se- 
quential scans. The scan merge algorithm in this 

40 case is similar but adapted to process scanning 
data received form two different resolution chan- 
nels simultaneously. 

Returning to Figure 16, after execution of the 
scan merge algorithm at step ST6, the decoder 

45 determines whether the scan merge produced a 
successful decoding. If successful, the process 
flow again proceeds to step ST8 to indicate suc- 
cessful scanning followed by step ST9 which pro- 
vides the output of the decoded data, and then the 

50 program ends at step ST10. Only if the scan 
merge also fails to provide a legitimate successful 
decoded result will the program end at ST10 with- 
out an output of valid decoded data. 

The above discussion of the software is simpli- 

56 fied and limited to focus on the processing of the 
data from the two channels to provide the decoded 
result. The decoder would also include appropriate 
software to allow autodiscrimination of different 
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code symbologies and to find the actual code data 
within an analog scanning signal which includes 
pulses representing light reflected from other ob- 
jects. 

The microprocessor decoder may also include 5 
programming for functions related to integrated ter- 
minal operations. The terminal typically would in- 
clude substantial memory capacity, a keyboard, a 
display and some form of data interface for com- 
munication purposes. In such an integrated termi- io 
nal configuration, the microprocessor would re- 
spond to keyboard input of data and commands, 
provide display of scanned and keyed in data and 
control transmission of data to external data pro- 
cessing systems. 76 

The invention has been described principally 
as a two channel system. It is within the scope of 
this invention to expand the various embodiments 
to include additional data channels providing still 
further different resolutions. 20 

The invention may be sum marized as follows: 

1. A method of increasing a range of a working 
angle of a wand type reader during reading of 25 
optically encoded information, wherein the work- 
ing angle is defined as the angle between a 
major axis of the wand type reader and a line 
normal to a surface on which the optically en- 
coded information appears, said method com- 30 
prising the steps of: 

(a) arranging light emitting and detecting ele- 
ments in the wand to 

(i) optically sense light reflected from a 

first effective sensing spot or a first diam- 35 
eter, and 

(ii) optically sense light reflected from a 
second effective sensing spot of a second 
diameter which is larger than the first di- 
ameter; 40 

(b^ passing the first and second effective 
sensmg spots over the optically encoded in- 
formation for 

(i) sensing the optically encoded informa- 
tion as it passes through the first effective 45 
sensing spot and in response thereto pro- 
ducing a first sensing signal, and 

(ii) sensing the optically encoded informa- 
tion as it passes through the second effec- 
tive sensing spot and in response thereto so 
producing a second sensing signal, 

(iii) wherein the diameters of the first and 
second effective sensing spots increase in 
proportion to increases in the working an- 
gle; and 55 

(c) deriving a single decoded representation 
of the optically encoded information from the 
two sensing signals, wherein for different 



working angles at least one of the effective 
sensing spots will be of appropriate size to 
produce a valid reading of the optically en- 
coded information. 

2. A method as specified in 1, further compris- 
ing the step of supplying the resultant decoded 
representation of the optically encoded informa- 
tion to a data terminal incorporated within the 
wand. 

3. A method as specified in 1, wherein the 
arranging step comprises: 

emitting a first light focused to illuminate an 
area of a first size; 

emitting a second light focused to illuminate 
an area of a second size different from the size 
of the first area; and 

sensing the light reflected from both areas 
to provide the sensing of the first and two effec- 
tive sensing spots. 

4. A method as specified in 1, wherein the 
arranging step comprises: 

emitting light to illuminate an area on the 
surface of the medium; 

sensing light reflected from a first area 
passed over the optically encoded information, 
said first area having a first size; and 

sensing light reflected from a second area 
passed over the optically encoded information, 
said second area having a second size larger 
than the size of said first area to provide the 
sensing of the first and two effective sensing 
spots. 

5. A method as specified in 1, wherein the 
deriving step comprises 

analyzing one of the two sensing signals to 
determine if data derived therefrom represents 
information within acceptable parameters; 

if the derived data indicates information 
within acceptable parameters, decoding that 
data to produce the decoded representation of 
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if the derived data indicates information not 
within acceptable parameters, analyzing the oth- 
er one of the sensing signals to determine if 
data derived therefrom represents information 
within acceptable parameters; and 

if the data derived from the other one of the 
sensing signals indicates information within ac- 
ceptable parameters, decoding the data derived 
from the other one of the sensing signals to 
produce the decoded representation of the opti- 
cally encoded information. 

6. A method as specified in 5, wherein if the 
data derived from both of the sensing signals 
indicates information not within acceptable pa- 
rameters, the deriving step further comprises: 

analyzing said one of the sensing signals to 
recognize and decode any portions thereof 
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which represent information within acceptable 
parameters; 

analyzing said other one of the sensing sig- 
nals to recognize and decode any portions 
thereof which represent information within ac- 6 
ceptable parameters, and 

combining the recognized and decoded por- 
tions of both sensing signals to produce the 
single decoded representation of the optically 
encoded information. ic 

7. A wand type reader for reading optically 
encoded information at a wide range of a work- 
ing angle, wherein the working angle is defined 
as the angle between a major axis of the wand 
type reader and a line normal to a surface on 75 
which the optically encoded information ap- 
pears, said wand type reader comprising: 

<a) light emitting and detecting elements ar- 
ranged in the wand to 

(i) optically sense light reflected from a 20 
first effective sensing spot of a first diam- 
eter for sensing the optically encoded in- 
formation as it passes through the first 
effective sensing spot and in response 
thereto producing a first sensing signal, 25 
and 

(ii) optically sense light reflected from a 
second effective sensing spot of a second 
diameter which is larger than the first di- 
ameter for sensing the optically encoded 30 
information as it passes through the sec- 
ond effective sensing spot and in response 
thereto producing a second sensing signal, 

(iii) wherein the diameters of the first and 
second effective sensing spots increase in 35 
proportion to increases in the working an- 
gle; and 

(b) means for deriving a single decoded re- 
presentation of the optically encoded informa- 
tion from the two sensing signals, wherein for 40 
different working angles at least one of the 
effective sensmg spots will be of appropriate 
size to produce a valid reading of the opti- 
cally encoded information. 

8. A wand type reader as specified in 7, further 45 
comprising a data terminal incorporated within 

the wand, wherein the data terminal receives the 
resultant decoded representation of the optically 
encoded information form the means for deriv- 
ing. 50 

9. A method of reading optically encoded in- 
formation comprising the steps of: 

optically exposing encoded information; 

sensing light reflected from the optically en- 
coded information to produce two data streams 55 
related to the optically encoded information, 
wherein said two data streams have respectively 
two different resolutions; and 
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deriving a single decoded representation of 
the optically encoded information from the two 
data streams of different resolutions. 

10. A method of reading optically encoded in- 
formation as in 9, 

wherein the sensing step comprises. 

(i) digitizing a signal produced by detecting 
the reflected light using a first digitizer 
threshold level; and 

(ii) digitizing said signal produced by detect- 
ing the reflected light using a second digitizer 
threshold level different from said first 
digitizer threshold level, and 

wherein the deriving step is responsive to 
results of (i) and (ii). 

11. A method of reading optically encoded in- 
formation as in 9, 

wherein the exposing step comprises 

(i) emitting a first light focused to illuminate 
an area of a first size; 

(ii) emitting a second light focused to illu- 
minate an area of a second size different 
from the size of the first area; and 

(iii) passing both illuminated areas over the 
optically encoded information, and 

wherein the sensing step separately senses 
the light reflected from both areas as those 
areas pass over the optically encoded informa- 
tion. 

12. A method of reading optically encoded in- 
formation as in 9, wherein the sensing step 
comprises 

sensing light reflected from a first area 
passed over the optically encoded information, 
said first area having a first size; and 

sensing light reflected from a second area 
passed over the optically encoded information, 
said second area having a second size different 
the size of said first area. 

13. A method of reading optically encoded in- 

forrnaticn as in 9. wherein the deriving steo 
comprises: 

analyzing one of the data streams to deter- 
mine if the data therein represents information 
within acceptable parameters; 

if the analyzed data indicates information 
within acceptable parameters, decoding the one 
data stream to produce the decoded representa- 
tion of the optically encoded information; 

if the analyzed data indicates information 
not within acceptable parameters, analyzing the 
other one of the data streams to determine if the 
data therein represents information within ac- 
ceptable parameters; and 

if the analyzed data from the other one of 
the data streams indicates information within 
acceptable parameters, decoding the other one 
of the data stream to produce the decoded 
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representation of the optically encoded informa- 
tion. 

14. A method of reading optically encoded in- 
formation as in 13, wherein if the analyzed data 
from both of the data streams indicates informa- 5 
tion not within acceptable parameters, the deriv- 
ing step further comprises: 

analyzing said one of the data streams to 
recognize and decode any portions thereof 
which represent information within acceptable 10 
parameters; 

analyzing said other one of the data streams 
to recognize and decode any portions thereof 
which represent information within acceptable 
parameters; and 75 

combining the recognized and decoded por- 
tions of both data streams to produce a single 
decoded representation of the optically encoded 
information. 

15. A system for reading optically encoded in- 20 
formation comprising: 

sensor means for optically sensing the en- 
coded information and in response thereto pro- 
ducing at least one electrical signal correspond- 
ing to the sensed optically encoded information; 25 

means responsive to said at least one elec- 
trical signal for deriving two channels of data for 
each scan or pass of the encoded information 
by the sensor means, the two channels of data 
having respectively two different resolutions, one 30 
being higher than the other; and 

a decoder responsive to both channels of 
derived data for producing a single data output 
representative of the sensed optically encoded 
information. 35 

16. A system for reading optically encoded in- 
formation as in 15, wherein said sensor means 
comprises: 

at least one light source for emitting light for 
reflection back form the optically encoded in- 40 
formation; and 

at ieast one sensor for detecting tne re- 
flected light and producing at least one electncal 
signal corresponding to the sensed reflected 
light. 45 

17. A system for reading optically encoded in- 
formation as in 15, wherein said means for de- 
nving two channels of data compnse two 
digitizers. 

18. A system for reading optically encoded in- 50 
formation as in 17, wherein said two digitizers 

are both responsive to the same electrical signal 
but have respectively different threshold levels 
to establish the two different resolutions. 

19. A system for reading optically encoded in- 55 
formation as in 15, wherein said at least one 

light source comprises only one light source. 



20. A system for reading optically encoded in- 
formation as in 19, wherein said at least one 
sensor comprises only one sensor. 

21. A system for reading optically encoded in- 
formation as in 20, wherein said means for de- 
riving two channels of data comprise two 
digitizers. 

22. A system for reading optically encoded in- 
formation as in 21, wherein 

said digitizers are responsive to a single 
electrical signal from said one sensor, and 

said digitizers have respectively different 
threshold levels to establish the two different 
resolutions. 

23. A system for reading optically encoded in- 
formation as in 16, wherein said at least one 
sensor comprises only one sensor. 

24. A system for reading optically encoded in- 
formation as in 15. wherein said at least one 
light source comprises a first light source and a 
second light source, wherein operations of the 
first and second light sources are multiplexed in 
a manner such that said one sensor can sepa- 
rately detect reflected light emitted from each 
source. 

25. A system for reading optically encoded In- 
formation as in 15, wherein each of said first and 
second light sources illuminates a different size 
area. 

26. A system for reading optically encoded in- 
formation as in 16, wherein said at least one 
light source comprises two light sources. 

27. A system for reading optically encoded in- 
formation as in 26, wherein said at least one 
sensor comprises two sensors. 

28. A system for reading optically encoded in- 
formation as in 16, wherein said at least one 
sensor comprises two sensors. 

29. A system for reading optically encoded in- 
formation as in 15, wherein said at least one 
sensor comprises: 

a first active optical sensing area on a sub- 
strate; and 

a second active optical sensing area formed 
on said substrate such that said second optical 
sensing area is located around said first optical 
sensing area. 

30. A system for reading optically encoded In- 
formation as in 29, wherein said second active 
optical sensing area substantially surrounds said 
first active optical sensing area. 

31. A system for reading optically encoded in- 
formation as in 30, wherein said first active 
optical sensing area is centered inside said sec- 
ond active optical sensing area. 

32. A system for reading optically encoded in- 
formation as in 29, wherein said first active 
optical sensing area and said second active 
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optical sensing area each comprise a 
photodiode. 

33. A system for reading optically encoded in- 
formation as in 29, wherein the means for deriv- 
ing two channels of data comprise: 5 

means for digitizing a signal derived from 
said first optical sensing area to form the higher 
resolution data channel; 

means for summing the signal derived from 
the first optical sensing area and a signal de- lo 
rived from the second optical sensing area; and 

means for digitizing the output of the sum- 
ming means to form the lower resolution data 
channel. 

34. A system for reading optically encoded in- 75 
formation as in 15, wherein said optically en- 
coded information comprises bar coded informa- 
tion, and said decoder comprises means for 
decoding bar code data. 

35. A system for reading optically encoded m- 20 
formation as in 16, further comprising a housing, 

in the form of a wand, the housing containing 
said at least one light source and said at least 

one sensor. 

36. A system for reading optically encoded in- 25 
formation as in 35, further comprising an in- 
tegrated data terminal Including a keyboard and 
display, said housing also containing the ele- 
ments of said integrated data terminal. 

37. A system for reading optically encoded in- 30 
formation as in 15. wherein said sensor means 
comprises an optical sensing assembly Includ- 
ing: 

a first light emitter emitting light along a first 
optical axis; 35 

a second light emitter emitting light along a 
second optical axis parallel to the first optical 

axis; 

an optical sensing element detecting reflect- 
ed light from the first and second light emitters, 40 
the optical sensing element receiving the re- 
flected lignt along a third optical axis parallel to 
both the first and the second optical axes; 

a first half-axicon optical element aligned 
with the first emitter along the first optical axis, 45 
whereby the first half-axicon optical element es- 
tablishes depth of field and spot size for light 
emitted by the first light emitter and received by 
the optical sensing element; and 

a second half-axicon optical element aligned 50 
with the second emitter along the second optical 
axis, the second half-axicon optical element hav- 
ing at least one optical property different from 
the first half-axicon optical element, whereby the 
second half-axicon optical element establishes 55 
depth of field and spot size for light emitted by 
the second light emitter and received by the 
optical sensing element which are different from 
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the depth of field and spot size for light emitted 
by the first light emitter and received by the 
optical sensing element. 

38. A system for reading optically encoded in- 
formation as in 15, wherein said sensor means 
comprises an optical sensing assembly Includ- 
ing: 

a first light emitter emitting light along a first 
optical axis; 

a second light emitter emitting light along a 
second optical axis parallel to the first optical 
axis; 

an optical sensing element detecting reflect- 
ed light from the first and second light emitters, 
the optical sensing element receiving the re- 
flected light along a third optical axis parallel to 
both the first and the second optical axes, said 
sensing element comprising 

(i) a first active optical sensing area on a 
substrate; and 

(ii) a second active optical sensing area 
formed on said substrate such that said sec- 
ond optical sensing area is located around 
said first optical sensing area; 

a first half-axicon optical element aligned 
with the first emitter along the first optical axis; 
and 

a second half-axicon optical element aligned 
with the second emitter along the second optical 
axis. 

39. An optical sensing assembly comprising: 

a first light emitter emitting light along a first 
optical axis; 

a second light emitter emitting light along a 
second optical axis parallel to the first optical 
axis; 

an optical sensing element detecting reflect- 
ed light from the first and second light emitters, 
the optical sensing element receiving the re- 
flected light along a third optical axis parallel to 
bDth the first and the second optica! axes: 

a first half-axicon optical element aligned 
with the first emitter along the first optical axis, 
whereby the first half-axicon optical element es- 
tablishes depth of field and spot size for light 
emitted by the first light emitter and received by 
the optical sensing element; and 

a second half-axicon optical element aligned 
with the second emitter along the second optical 
axis, the second half-axicon optical element hav- 
ing at least one optical property different from 
the first half-axicon optical element, whereby the 
second half-axicon optical element establishes 
depth of field and spot size for light emitted by 
the second light emitter and received by the 
optical sensing element which are different from 
the depth or field and spot size for light emitted 
by the first light emitter and received by the 
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optical sensing element. 

40. An optical sensing assembly as in 39, 
wherein the optical properties are a, the angle of 
each half-axicon, and the a of the first half- 
axicon is different from the a of the second half- 
axicon. 

41 . An optical sensing assembly as in 39, 
wherein the first and second light emitters are 
light emitting diodes. 

42. An optical sensing assembly as in 39, 
wherein the optical sensing element is a 
photodiode. 

43. An optical sensing assembly as in 39, 
wherein the optical sensing element comprises: 

a first active optical sensing area on a sub- 
strate; and 

a second active optical sensing area formed 
on said substrate such that said second optical 
sensing area is located around said first optical 
sensing area. 

44. A multi-channel photodetector comprising: 

a first active optical sensing area on a sub- 
strate; and 

a second active optical sensing area formed 
on said substrate such that said second optical 
sensing area is located around said first optical 
sensing area. 

45. A multi-channel photodetector as in 44, 
wherein said second optical sensing area sub- 
stantially surrounds said first optical sensing 
area. 

46. A multi-channel photodetector as in 45, 
wherein said first optical sensing area is cen- 
tered inside said second optical sensing area. 

47. A multi-channel photodetector as in 44, 
wherein said first optical sensing and said sec- 
ond optical sensing area each comprise a 
photodiode. 



Claims 



(b) passing the first and second effective 
sensing spots over the optically encoded 
information for 

(i) sensing the optically encoded informa- 
5 lion as it passes through the first effec- 
tive sensing spot and in response thereto 
producing a first sensing signal, and 

(ii) sensing the optically encoded infor- 
mation as it passes through the second 

10 effective sensing spot and in response 

thereto producing a second sensing sig- 
nal, 

(iii) wherein the diameters of the first and 
second effective sensing spots increase 

16 in proportion to increases in the working 

angle: and 

(c) deriving a single decoded representation 
of the optically encoded information from 
the two sensing signals, wherein for dif- 

20 ferent working angles at least one of the 

effective sensing spots will be of appro- 
priate size to produce a valid reading of the 
optically encoded information. 

2. A method as specified in claim 1 , further com- 
prising the step of supplying the resultant de- 
coded representation of the optically encoded 
information to a data terminal incorporated 
within the wand. 

3. A method as specified in claim 1 , wherein the 
arranging step comprises: 

emitting a first light focused to illuminate 
an area of a first size; 
35 emitting a second light focused to illu- 

minate an area of a second size different from 
the size of the first area; and 

sensing the light reflected from both areas 
to provide the sensing of the first and two 
40 effective sensing spots. 
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1. A method of increasing a range of a working 
angle of a wand type reader during reading of 
optically encoded information, wherein the 
working angle is defined as the angle between 45 
a major axis of the wand type reader and a line 
normal to a surface on which the optically 
encoded information appears, said method 
comprising the steps of: 

(a) arranging light emitting and detecting 50 

elements in the wand to 

(i) optically sense light reflected from a 
first effective sensing spot of a first diam- 
eter, and 

(ii) optically sense light reflected from a 55 
second effective sensing spot of a sec- 
ond diameter which is larger than the 

first diameter; 



4. A method as specified m claim 1, wherein the 
arranging step comprises: 

emitting light to illuminate an area on the 
surface of the medium; 

sensing light reflected from a first area 
passed over the optically encoded information, 
said first area having a first size; and 

sensing light reflected from a second area 
passed over the optically encoded information, 
said second area having a second size larger 
than the size of said first area to provide the 
sensing of the first and two effective sensing 
spots. 

5. A method as specified in claim 1 , wherein the 
deriving step comprises 

analyzing one of the two sensing signals to 
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determine if data derived therefrom represents 
information within acceptable parameters; 

if the derived data indicates information 
within acceptablfcj parameters, decoding that 
data to produce the decoded representation of 5 
the optically encoded information; 

if the derived data indicates information 
not within acceptable parameters, analyzing 
the other one of the sensing signals to deter- 
mine if data derived therefrom represents in- io 
formation within acceptable parameters; and 

if the data derived from the other one of 
the sensing signals indicates information within 
acceptable parameters, decoding the data de- 
rived from the other one of the sensing signals 76 
to produce the decoded representation of the 
optically encoded information. 

A method as specified in claim 5, wherein if 
the data derived from both of the sensing 20 
signals indicates information not within accept- 
able parameters, the deriving step further com- 
prises: 

analyzing said one of the sensing signals 
to recognize and decode any portions thereof 25 
which represent information within acceptable 
parameters; 

analyzing said other one of the sensing 
signals to recognize and decode any portions 
thereof which represent Information within ac- 30 
ceptable parameters; and 

combining the recognized and decoded 
portions of both sensing signals to produce the 
single decoded representation of the optically 
encoded information. 36 

A wand type reader for reading optically en- 
coded information at a wide range of a working 
angle, wherein the working angle is defined as 
the angle between a major axis of the wand 40 
type reader and a Hne norma! to a surface on 
which the optically encoded information ap- 
pears, said wand type reader comprising: 
(a) light emitting and detecting elements 
arranged in the wand to 45 

(i) optically sense light reflected from a 
first effective sensing spot of a first diam- 
eter for sensing the optically encoded 
information as it passes through the first 
effective sensing spot and m response so 
thereto producing a first sensing signal. 

and 

(ii) optically sense light reflected from a 
second effective sensing spot of a sec- 
ond diameter which is larger than the 66 
first diameter for sensing the optically 
encoded information as it passes through 

the second effective sensing spot and in 



response thereto producing a second 
sensing signal, 

(iii) wherein the diameters of the first and 
second effective sensing spots increase 
in proportion to increases in the working 
angle; and 

(b) means for deriving a single decoded 
representation of the optically encoded in- 
formation from the two sensing signals, 
wherein for different working angles at least 
one of the effective sensing spots will be of 
appropriate size to produce a valid reading 
of the optically encoded information. 

8. A method of reading optically encoded infor- 
mation comprising the steps of: 

optically exposing encoded information; 

sensing light reflected from the optically 
encoded information to produce two data 
streams related to the optically encoded in- 
formation, wherein said two data streams have 
respectively two different resolutions; and 

deriving a single decoded representation 
of the optically encoded information from the 
two data streams of different resolutions. 

9. A method of reading optically encoded infor- 
mation as in claim 8, 

wherein the sensing step comprises: 

(i) digitizing a signal produced by detecting 
the reflected light using a first digitizer 
threshold level; and 

(ii) digitizing said signal produced by de- 
tecting the reflected light using a second 
digitizer threshold level different from said 
first digitizer threshold level, and 

wherein the deriving step is responsive to 
results of (i) and (Ii). 

10. A method of reading optically encoded infor- 
mation as tn ciairrs 8. 

wherein the exposing step comprises 

(i) emitting a first light focused to illuminate 
an area of a first size; 

(ii) emitting a second light focused to illu- 
minate an area of a second size different 
from the size of the first area; and 

(iii) passing both illuminated areas over the 
optically encoded information, and 

wherein the sensing step separately 
senses the light reflected from both areas as 
those areas pass over the optically encoded 
information, and 

wherein the sensing step comprises 

sensing light reflected from a first area 
passed over the optically encoded information, 
said first area having a first size; and 

sensing light reflected from a second area 
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passed over the optically encoded informatron, 
said second area having a second size dif- 
ferent the size of said first area. 

11. A system for reading optically encoded in- 5 
formation comprising: 

sensor means for optically sensing the en- 
coded information and in response thereto pro- 
ducing at least one electrical signal corre- 
sponding to the sensed optically encoded in- 10 
formation; 

means responsive to said at least one 
electrical signal for deriving two channels of 
data for each scan or pass of the encoded 
information by the sensor means, the tv^^o 75 
channels of data having respectively two dif- 
ferent resolutions, one being higher than the 
other; and 

a decoder responsive to both channels of 
derived data for producing a single data output 20 
representative of the sensed optically encoded 
information. 

12. A system for reading optically encoded in- 
formation as in claim 1 1 , wherein said sensor 25 
means comprises: 

at least one light source for emitting light 
for reflection back form the optically encoded 
information; and 

at least one sensor for detecting the re- 30 
fleeted light and producing at least one elec- 
trical signal corresponding to the sensed re- 
flected light. 

13. A system for reading optically encoded in- 35 
formation as in claim 11, wherein said sensor 
means comprises an optical sensing assembly 
including: 

a first light emitter emitting light along a 
first optical axis; 40 

a second light emitte" emitting light along 
a second optical axis parallel to the first optical 
axis; 

an optical sensing element detecting re- 
flected light from the first and second light 45 
emitters, the optical sensing element receiving 
the reflected light along a third optical axis 
parallel to both the first and the second optical 
axes; 

a first half-axicon optical element aligned so 
with the first emitter along the first optical axis, 
whereby the first half-axtcon optical element 
establishes depth of field and spot size for 
light emitted by the first light emitter and re- 
ceived by the optica! sensing element; and 55 

a second half-axicon optical element 
aligned with the second emitter along the sec- 
ond optical axis, the second half-axicon optical 
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element having at least one optical property 
different from the first half-axicon optical ele- 
ment, whereby the second half-axicon optical 
element establishes depth of field and spot 
size for light emitted by the second light emit- 
ter and received by the optical sensing ele- 
ment which are different from the depth of field 
and spot size for light emitted by the first light 
emitter and received by the optical sensing 
element. 

14. An optical sensing assembly comprising: 

a first light emitter emitting light along a 
first optical axis; 

a second light emitter emitting light along 
a second optical axis parallel to the first optical 
axis; 

an optica! sensing element detecting re- 
flected light from the first and second light 
emitters, the optical sensing element receiving 
the reflected light along a third optical axis 
parallel to both the first and the second optical 
axes; 

a first half-axicon optical element aligned 
with the first emitter along the first optical axis, 
whereby the first half-axicon optical element 
establishes depth of field and spot size for 
light emitted by the first light emitter and re- 
ceived by the optical sensing element; and 

a second half-axicon optical element 
aligned with the second emitter along the sec- 
ond optica! axis, the second half-axicon optica! 
element having at least one optical property 
different from the first half-axicon optical ele- 
ment, whereby the second half-axicon optical 
element establishes depth of field and spot 
size for light emitted by the second light emit- 
ter and received by the optical sensing ele- 
ment which are different from the depth of field 
and spot size for light emitted by the first light 
er^itter and rece ved by the cpticai sens ng 
element. 

15. A multi-channel photodetector comprising: 

a first active optical sensing area on a 
substrate; and 

a second active optical sensing area 
formed on said substrate such that said sec- 
ond optical sensing area is located around said 
first optical sensing area. 

16. A multi-channel photodetector as in claim 15. 

wherein, said second optical sensing area sub- 
stantially surrounds said first optical sensing 
area. 

17. A multi-channel photodetector as in claim 16, 
wherein said first optical sensing area is cen- 
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tered inside said second optical sensing area. 
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